Introduction
Mercury (Hg) is highly toxic metal. A continuous exposure to mercury will trigger the formation of Reactive Oxygen Species (ROS), increase lipid peroxidation, cause oxidative stress dismutase (SOD ) and glutathione peroxidase (GPx).
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. The largest global sources of mercury emissions are from the traditional gold mining. In Indonesia, Approximately 57.5% of the source of mercury emissions is from traditional gold minings with a total emission of about 195 tons/year. In 2010 there were approximately 900 gold mining sites employing about 250,000 workers.
4, 5 In Wonogiri Regency, Central Java, in the area around the mountain Randukuning, there is a number of traditional gold mining activities using amalgamation method with mercury as a medium to bind gold.Gold miners are greatly at risk to get mercury poisoning because they may be continuously exposed. The high risk of exposure to mercury in the traditional gold processing occurs during the screening process and thermal annealing. Gold miners may be exposed to mercury vapor through inhalation because of the gold ore that had been bound by the mercury will be heated at a very high temperature. 80% of inhaled mercury vapor will be absorbed into the lung penetrating the blood brain barrier and placenta and distributed throughout the body.
6, 7
The study conducted by the Engineering Center for Environmental Health (BTKL) Yogyakarta among 8 gold mine workers in the Jendi village Selogiri Wonogiri District in August 2009 showed that 100% of workers had a high level of mercury poisoning with 70-257 mg / L blood mercury level. The finding of the preliminary research showed that mean mercury level among gold miners was 104.49 µg/L, exceeding WHO's reccomended therehold (≥10µg/L). This high mercury level may increase levels MDA, lower antioxidants SOD level and GPx in workers exposed to harmful impacts merkury.
8
The dangerous impact when mercury accumulates in the body is releasing ROS and increasing lipid peroxidation in the body. 9 The emergence of ROS is caused by low antioxidant system, which is due to the reduction of thiol group on the antioxidant enzyme protein resulted from being bound by mercury, because these compounds have a strong affinity for thiol groups. Such conditions lead to a decrease in the The elimination of ROS is essential for maintaining the integrity of cell function and can be done by increasing the antioxidant activity.
12 Natural antioxidants can be an alternative to be potentially developed as the synthetic antioxidants are likely to have side effects which are not yet discovered. Natural antioxidants are able to protect the body from cell damage induced by ROS, able to inhibit the degenerative disease and is capable of preventing lipid peroxidation .
2 Food containing naturally occuring antioxidants can be used as a strategy to reduce morbidity and mortality, especially caused by stress oxidative 13 and can reduce the high prevalence of degenerative diseases.
14
Tender coconut water is natural drink , healthy , nutritious , provided by nature and is widely available in tropical countrie . Indonesia is a country with the largest cococut field in the world. 15 Tender coconut water has therapeutic effects, containing various nutrients such as minerals, vitamins, antioxidants, amino acids , enzymes. 16 Recent studies suggest that tender coconut water is rich in free amino acid ,source L-arginine and vitamin C, which can prevent heart diseases and peroxidation. 16, 17 The study findings demonstrate that tender coconut water consumption can reduce oxidative stress and increase antioxidant status indicated by reduced MDA level , increased antioxidant enzymes such as SOD , CAT and GPx in mice .
16, 18 Thus the present study was conducted to investigate the effects of tender coconut water on antioxidant status and lipid peroxidation in mercury exposure workers.
Methods
The design applied in this study was true experimental design with Randomized pre and post test control group design. 19 The population of this study was all traditional gold mining workers exposed to mercury for more than 5 years in Selogiri Wonogiri, while the samples were the population who met the inclusion and exclusion criteria. Inclusion criteria for male, 20-60 years of age with employment duration ≥ 5 years, normal nutritional status (BMI) and willing to become respondents, while exclusion criteria were subjects having a history of heart disease, liver disease, lung disease, kidney disease, diabetes, and other severe diseases. Minimum sample quantity was determined based on the formula of the samples for analytical research of numerical unpaired data.
20, 21 Minimum total sample total was 35 and to avoid drop-out during the intervention, the sample was added 10%. This Research was conducted on two groups of 38 subjects each so the the total sample was 76 workers using simple random sampling.. Subjects who met the inclusion criteria were randomly allocated into treatment group and the control group. The treatment group was given tender coconut water 450 mL/ day for 30 days, and the control group was given 450 mL of plain water/day for 30 days. Either subjects or the researchers did not know into which group the subject was allocated (double blind). The Confounding variables were controlled with restriction and randomization so that the distribution of subject characteristics as well as confounding variables in the control group and the treatment group were equal or balanced. Data were obtained through interviews, recall 24 hours x 3 days, checking the nutritional status and health status, and laboratory examination of blood samples. Collective Data were analyzed using SPSS 16 for windows, the significance level (α) which was used to test the hypothesis was 5%. The first test performed was the normality test of data because the data scale was ratio. Mann Whitney test was used for data analysis because data distribution of SOD, CAT, GPx, MDA in both groups was not normal (p <0.05). 
Ethics approval
Results
The subjects of 76 workers were divided into two groups via randomized blocks, resulting in 38 people of the control group, and 38 people of the treatment group. In order to ensure that the characteristics of the subjects in the treatment group and the control one before treated were equally distributed, it was necessary to be analyzed by different test in both groups.
The mean levels of mercury for the control group was 62.7 ± 45.9 pg /L with minimum levels of 10.12 mg /L and a maximum level of 187.25 mg / L, while that of the treatment group was 56.9 ± 46.6 mg /L levels minimum of 10.29 g /L and the maximum level was 190.47μg /L. The analysis resulted in p value > 0.05 showing that the mean mercury level in both groups was balanced/ equal. Table 1 shows that the characteristics of the subjects in both groups were similar, statistical test implemented were the Man Whitney test for ratio scaled data and Chi-square test for categorical scaled data. The analysis resulted inp value > 0.05 showing that all variables between the treatment group and the control one were homogeneous. Table 2 shows that the mean levels of SOD after treatment in the treatment group increased as much as 76 U/mL, while in the control group it decreased as much as 2 U/mL compared to that of before treatment. The mean levels of CAT after treatment in the treatment group had an increase of 0.2 U/mL, while in the control group it remained the same in comparison with before being treated. The mean levels of GPx after treated in the treatment group had an increase of 10.4 U/mL, while in the control group decreased by 1.6 U/mL compared to the condition being treated. The mean levels of MDA after being treated in the treatment group decreased by 0.9 nmol / mL and the control group increased by 0.1 nmol / mL compared to the condition before treatment. Table 3 and Graph 1 shows that the mean level of SOD in the control group and the treatment group after treatment increased by 70 U/mL (26.2%), the average in the control group was 267 U/mL, while that of the treatment group was 337 U / mL. The result of the analysis was value p = 0,000, which means that giving tender coconut water 450 mL /day for 30 days increases the levels of SOD in traditional gold miners who are exposed to mercury.The mean levels of CAT in the control group and the treatment group after treatment had an increase of 0.1 U/mL, the mean in the control group was 1.9 U/mL, while the treatment group was 2 U/mL, but it was statistically obtained that value of p was = 0.109, which means giving tender coconut water 450 mL / day for 30 days did not increase the levels of CAT significantly in traditional gold mining workers exposed to mercury. The mean levels of GPx in the control group and the treatment group after treatment had an increase of 11.1 U/mL (16.1%), the average in the control group was 68.8 U/mL, while the treatment group was 79.9 U/mL.the analysis resulted in value p = 0.002, It means that at α = 5% Ha was accepted, that is, giving tender coconut water 450 mL /day for 30 days increases the levels of GPx among traditional gold miners who are exposed to mercury. The mean levels of MDA in the control and treatment group after treatment decreased by 0.9 nmol/mL (20%), the mean in the control group was 4.5 nmol / mL, while the treatment group was 3.6 nmol/mL. Result of the analysis obtained was value p = 0,000 which means giving tender coconut water 450 mL / day for 30 days reduces the levels of MDA in the traditional gold miners who are exposed to mercury. Table 4 and chart 2 shows that the mean delta of SOD in the treatment group increased (75.4 ± 27.5 U/mL) and in the control group had a decrease (-1.7 ± 8.2 U/mL). The difference in mean delta control and treatment groups was 73.7 U/mL the analysis resulted in p = 0.000, it means giving tender coconut water 450 mL/day for 30 days in traditional gold mining workers exposed to mercury causes the average delta levels of SOD was greater when compared to that of control group.The mean level of delta CAT in the treatment group had an increase (0.23 ± 0.28 U/mL) and in the control group had a decrease (-0.04 ± 0.25 U/mL). The average difference of Delta in the control group and the treatment was 0.19 U / mL. Results of the analysis obtained was the value of p was = 0,000, which means that giving tender coconut water 450 mL / day for 30 days in a traditional gold mining workers exposed to mercury causes an average of delta CAT levels was greater compared to the control group.
Chart 1 is Consort of the Study
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The mean delta of GPx levels in the treatment group had an increase (10.4 ± 11.8 U/mL) and in the control group had a decrease (-1.55 ± 3.8 U/mL). The average difference of Delta in the control group and the treatment was 8.85 U/mL. The analysis resulted obtained in value p = 0.000, meaning that giving tender coconut water 450 mL / day for 30 days in traditional gold mining workers exposed to mercury causes the average delta of GPx levels was greater compared to the control group.
The mean delta of MDA levels in the treatment group had a decrease (-0.95 ± 0.1 nmol / mL) and in the control group increased (0.26 ± 0.5 nmol / mL). The Delta average difference in the control group and the treatment was -0.64 nmol / mL. Result of the analysis obtained was value p = 0.000, which means giving tender coconut water 450 mL/day for 30 days in traditional gold mining workers exposed to mercury causes the average delta of MDA level was smaller compared to the control group. 
Discussion
High blood mercury level indicate that the level of free radicals in the body is high. The main target of free radicals is a protein, unsaturated fatty acids, as well as DNA elements including carbohydrates. Out of the three molecule targets, unsaturated fatty acid is a compound that is the most susceptible to free radical attack. High level of free radicals in the body can be shown by the low activity of antioxidant enzymes and high level of malondialdehyde (MDA) in blood plasma.
2
The Spearman's test showed that there was a significant correlation between mercury levels in the blood and MDA levels (p = 0.002) in which the correlation is positive, it means that the higher the level of mercury in the blood, the higher the level of MDA, as an indication for the occurrence of lipid peroxidation, There is a correlation between blood mercury levels with antioxidant SOD (p = 0.029), the levels of CAT (p = 0005), and the levels of GPx (p = 0.008) in which the correlation is negative, it means that the higher blood mercury level, the lower the level of SOD, CAT and GPx.The results are consistent with the research conducted by Al-azzawie et al in which the research shows that there is significant relationship between the level of mercury in the blood and the level of MDA, SOD and GPx of workers exposed to mercury.
8
Mercury is a free radical. These compounds have a strong affinity for thiol or sulfhydryl.
22, 23
Mercury binds the thiol groups found in antioxidant proteins so the activity decreases. This condition blocks the activity of antioxidant enzymes resulting in the depletion of glutathione and the rise of H 2 O 2 . 22 If Hydrogen peroxide reacts with transition metal (transitional metals) such as Fe ++ and Cu + in the reaction of Fenton, it will generate hydroxyl radical (• OH) , which is the most dangerous because of their reactivity is very high.
2, 24
Mercury in the body is also able to inhibit methioneine synthase (SM) in the methionine cycle, thereby disturbing GSH synthesis resulting in the drop of GSH level. 25 in order to prevent the harmful effects of ROS, cells need a lot of self-defense mechanism that is endogenous antioxidant enzymatic and non-enzymatic. Glutathione (GSH), ascorbate, uric acid is non-enzymatic defense mechanism, Licensed Under Creative Commons Attribution CC BY while superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) belong to enzimatic mechanism. 2 Lack of one antioxidant component leads to a decrease in overall antioxidant status and results in weakening protection against ROS attack.
26, 27
Coconut water used in this study was tender coconut water from coconut cultivar group, vareitas viridis (green coconut), 5-7 months, total sugar contents increases from 5 months to reach the maximum at 7 months. Subsequently, total sugar rapidly decreases until fully ripe at the age of 12 months.
28-31
Tender coconut water contains antioxidants such as vitamin C, vitamin B1, vitamin B6, amino acids such as methionine, L-Arginine, selenium, cytokinins and minerals that are beneficial to protect body cells againts free radical attack and prevent against the effects resulting from exposure to mercury.
16, 29-31
In this study, tender coconut water has been proven to increase antioxidant status of SOD, CAT and GPx blood, the mean levels of SOD, CAT and GPx blood are proven to increase after tender coconut water is given. These results support the research by Bhagya et al 16 stating that giving tender coconut water can increase the levels of antioxidant enzymes of SOD, CAT and GPx in tissues of mice fed highfructose. Loki and Rajamohan 18 support the finding by stating that tender coconut water can increase the levels of SOD, CAT and GPx in rats induced with CCl 4 . Anurag and Rajamohan 32 state in their research that tender coconut water can increase the activity of antioxidant enzymes (TAC) in rats induced by isoproterenol. The mean levels of CAT enzyme after treatment in the treatment group had an increase compared to the control group, however the increase was not statistically significant (p> 0.05). It is assumed that capacity of CAT enzyme reduction is high at the atmosphere H 2 O 2 in high concentration, while in the lower concentration, the capacity also drops, this is because the CAT enzyme reaction requires two molecules of H 2 O 2 in the reduction process, so it is rarely found at low substrate concentration. 33 CAT and GPx enzymes have the same properties in catalyzing H 2 O 2 , at low or normal H 2 O 2 concentration GPx has a more dominant role for catalyzing H 2 O 2 than that of CAT. High glucose level is assumed to inhibit the activity of the enzyme CAT, a study of the effect of various levels of glucose to the enzyme CAT, found that there is a drop of CAT enzyme activity on high glucose levels. 33 Examination of glucose level to the subjects in this study was not conducted so that the researchers did not have data on which subject had normal, low or high glucose level. The absence of a significant increase in CAT levels in the treatment group compared to that of control group was likely to occur that the subject of the treatment group has high blood glucose levels.
Component of amino acid such as methionine found in tender coconut water is a source of sulfhydryl for cysteine. Methionine acts as a precursor to formation of cysteine which is the main compound in the synthesis of glutathione (GSH). Methionine will be synthesized into Sadenosilmetionin (SAM) aided by the enzyme catalysat of methionine adenosiltransfrease. Then, S-adenosilmetionin (SAM) will be converted into S-adenosilhomosistein (SAH), SAH will be converted into homocysteine with the help of adenosilhomosisteinase enzyme and by methionine synthase (MS) homocysteine can be reconverted into methionine. In cysteine synthesis, homocysteine will be converted into cystathionne with the help of the enzyme of cystathionine β synthase (CBS) and vitamin B6 and then converted into cysteine with the help of sistationin lyase enzyme and vitamin B6, eventually cysteine will be synthesized into glutathione (GSH) .
25, 34, 35 GSH is a substrate for the antioxidant glutathione peroxidase (GPx) to decompose hydrogen peroxide, if glutathione synthesis gets disturbed, it will cause a drop in GSH and there will be a dump of hydrogen peroxide and ultimately there will be a rise hydroxyl radicals which is more harmful to the human body. GSH also serves as a substrate in the reaction of vitamin C radical regeneration into vitamin C, so that if the drop of GSH occurs, it will interfere the reaction and will lead to lipid peroxidation. Methionine works in synergy with vitamin B6. Vitamin B6 acts as a cofactor of the enzyme of cystathionine β synthase and lyase sistationin on the synthesis process of cysteine and GSH.
Tender coconut water can be used as a source of methionine and vitamin B6. 31 The high content of L-arginine in tender coconut water can be used to reduce the free radical generation, increase antioxidant activity and inhibit the process of lipid peroxidation.
16, 17, 32
L-arginine plays an important role in mercury detoxification and serves potentially as a preventive and therapeutic strategies against occcupational or environmental exposure to mercury.
36
L-arginine is a source of nitrid oxide (NO). NO can inhibit xantine Oxidase (XO), increase levels of SOD, total thiol (T-SH), vitamin C, total antioxidant (TAC) .
37-39
If the XO activity decreases, the amount of superoxide will also decrease so that the levels of SOD increase because the need of SOD to decompose superoxide into hydrogen peroxide is also less. Fang et al. reported that superoxide can also be formed due to the reduction of O 2 by NO synthase when a shortage of arginine and tetrahidribiopterin (BH 4 ) occurs, so that L-arginine can be used as an alternative to reduce production of superoksida.
40
The increase of Thiol levels after giving of L-arginine can increase the conversion of ascorbic acid radicals into ascorbat acid. 38 Treatment by L-arginine can increase GPx activity in rats exposed with Pb. 41 The high content of vitamin C in tender coconut water makes coconut water effective to increase the level of antioxidants as vitamin C can reduce superoxide radicals, hydrogen peroxide and reactive oxygen derived from activated neutrophils and monocytes. The work of ascorbic acid as an antioxidant indirectly regenerates membrane antioxidant bonding, such as α-tocopherol, by raising peroxyl radicals and singlet oxygen. Vitamin C works synergistically with vitamin E. Vitamin E oxidized by free radicals can react with vitamin C, after obtaining the hydrogen ions of vitamin C and then it will convert into tokoferol.
2 Tender coconut water contains selenium, GPx activity is strongly influenced by the presence of selenium, selenium deficiency in the body can decrease the activity of GPx up to 90. 42 Mercury has strong affinity to bind selenium, 22 and both are antagonis.
43
Giving tender coconut water for workers exposed to mercury can be used as a source of selenium to increase the activity of GPx. High nutrient content in tender coconut water can be used as a source of minerals which is essential to the body, one of them is as a natural cofactor antioxidants SOD contained in the body. Mineral deficiency of Cu, Zn and Mn can lower the activity of Cu-Zn SOD and Mn-Mn-SOD. 40 Mn-SOD serves as a catalyst for the dismutase reaction of the anion superoxide into hydrogen peroxide (H 2 O 2 ) and oxygen (O 2 ) in the mitochondria, while Cu-Zn SOD serves as a catalyst for the dismutase reaction of the anion superoxide into hydrogen peroxide (H 2 O 2 ) and oxygen (O 2 ) in the cytosol. In this Cu-Zn SOD, Cu mineral is necessary for the proper functioning of the enzyme catalytic, while Zn is important for the structural function. Minerals Cu, Zn and Mn work in synergy. 
Conclusions
The present study shows that consumption 450mL/day of tender coconut water for 30 day increases antioxidant enzymatic SOD, CAT, GPx and decreases lipid peroxidation in mercury exposure workers.
Novelty
The benefit of tender coconut water to prevent mercury contamination therefore it can help health care service in preventing morbidity and mortality, especially for workers exposed to mercury . Since this study was conducted in humans, the results were in line with the actual situation. 
